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2009 Study Detalls

15 existing homes
— Dating between 1926 and 2001

Michigan, Indiana, and Ohio

Limited to air sealing and testing in one day using
One/Two Component Foam

Measurement of time/material/location
Blower door test before and after each change

REM/Rate calculations to estimate annual energy
savings attributed to reduced air leakage



Home Selection




Procedure

Visual Assessment of House

» Potential air leakage locations
within the scope of project

—>

REM/Rate
Calculations

» Energy reduction
and energy cost
savings attributed to
sealing each air
leakage location

¢

Initial Blower Door Test
» Baseline air leakage
» Negative 20, 30, 40, 50 Pa

> ldentify air leakage locations

y 3

4 air leakage
locations on the
same house

Repeat for up to

Application of Spray Foam
Sealant in First Air Leakage
Location

» Prepare location

» Foam sealant product
selection

» Measure application time,
amount of product used, size of
air leakage location

Results

» Payback for each air sealing
product at each air leakage
location

4_‘ Gather House Info for REM/Rate

» Measurements
» Equipment descriptions

» Characteristics

—

b,

*

Second Blower Door Test

» Same conditions as initial
blower door test

» Determines air leakage
reduction as a result of sealing
first air leakage location




Sill plate

& Rim Joist

Rim Joist on
Block Wall




Case Study #1

Built in 1926



Take-away:
Every Home Is “uniqgue” Construction

i

Built in 1926 with Balloon Framing

Wall cavity continuous volume space with attic and floor.

Intermediate floor framing joists are face nailed directly to
the studs.

The studs are continuous from top to bottom of the building.



Air Sealing Materials

“DIYH

Contractor

Froth Pack Foam



Air Sealing of Rim Joist

Air Leakage Reduction What was done:

000 | o * 95 linear feet of

s rim joist

%SOOO « Productused: 2.5
Zao0o - cans w/ gun
applicator

o —— | « Labor: 1.75 hours
Initial HERS Score 190 Initial ACH 1.3

After sealing rim joist 182 ACH after sealing rim joist 1.1



Series of Improvements

6000 -

Baseline

5000 A

4000

Air Leakage (cfm) at 50 Pa

3000 -

Initial HERS Score

after

Rim Joist

Air Leakage Reduction

Bay WindowBasement Windows

Stud Cavities

Case Study #1

190
180

Initial ACH

after

Totals:

 Productused: 5.5
cans w/ gun
applicator

Labor: 4.3 hours

1.3
1.0



Seqguence of Retrofits
Impact on Pay Back

Years for Savings to Payback Cost
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Windows — Stage Totals
A 2 - Bay Window /\ 4 - Attic Top of Wall
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Payback for All Cases

Years for Savings to Payback Cost

30
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O Payback to air seal rim joist

A Payback on air seal measures after rim joist
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% Energy Efficiency Improvement (REM/Rate Analysis)

1 day 1 day % EE Improvement
o DIY Professional Froth Pack
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Conclusions Air Sealing
Case Study

 DIY Simple Air Sealing Can Provide very
Quick Savings Payback

* % Energy Efficiency Improvement from
simple one-day air sealing
— Function of candidate home and type of
Improvement
« Candidate for Low Cost Prescriptive
Package including Health, Safety, and
Durability Measures



Gaps and Barriers

 Gaps in Energy Retrofit Market lie In
understanding owner motivators, and
barriers to owner investment in upgrades

« Matching technology with market place

— ID and Selection of Successful Candidate
Structures



“Habitat Cost Effective Energy
Retrofit Program for Mixed-
Humid and Cold Climate Housing
Stock”



Company

Skills and Focus

The Dow Chemiczl
Company- Project Lead

<<

Miznufzcturer of msulation and zur sezlmg products
Recognized buildmg science leader and provides buldmg
science and research modelng sxpertise

Electad tezm leader for the project

Globzl company with extenstve markst penstration m the U5,
Leadmg HFH Co otpotrate Spenser for many vezrs znd
committad to helpimg HFH s global success

Hazbitat fo
% Habitat for Humanity

t Humzanity

Pr”'i:ie: access to existing housmg stock identified for ensrgy
ofits through HFH s local affiliates
w1'1-.: within Gifts m Kind (GIK) program to collzct materials
through thew GIK program and coordmzte fizld construction
deltvertes znd zctivities, professional mstzllation whers
required.

Michizzn State Untversity

MICHIGAN STATE

UNIVERSITY

Brings architecturzl znd sngmesrmg design expertise, project
manzgement proficisncy withm the Constructien hMgmt
Program.

Leverzgas WS graduate students to support the project’s
:t]:l“:illlf:: mﬂe:tbne; delrverables, dats collaction, reportmg,
project mastmgs, sto

Builds on existing strong Dow MSU parmership.

Fearris State Unrversity

HVACE engmeering and building science expertize.  Applied
technelogy research and best practice development.

Nztional workforce certification expertize,

RESNET rater abilities

Builds on existmg HFH' F3U relationship

Duks=Ensrgy, DTE and
Exslen

Experience with 2 number of nationzl snergy =fhcency
programs with mtersst m explormg the deep energy retrofi
markst

Provides a utility perspective zs well a3
resource support on design teams

s utlity bill 2cquisition,




Project Objectives

Determine cost-effective energy efficiency retrofit solutions to meet 30%
and 50% efficiency gains

|dentify technology gaps for cost effective retrofits

Assess and classify housing stock to identify high impact archetypes to
achieve economies of scale

Clarify the existing home retrofit market potential by housing stock type
and geographic area;

Identify potential policy tools that could provide incentives for
homeowners to engage in retrofits

Develop basic retrofit design strategies

Develop two test homes and community-scale case studies



Project Objectives

Work with stakeholders, including homeowners, to understand
obstacles, successful models, opportunities providing a pathway to the
future at every stage of the project

Develop and communicate ‘best practices’, iteratively improving them
as subsequent stages of the project progresses

Develop a training and certification framework, leveraging the ‘best
practices’ , market research, survey data and other lessons learned,;

Identify the need for product innovation that can address areas of need
In accomplishing these deep energy retrofit products cost effectively

Develop an expert system that enables the home owner or contractor
to query the computer-based system in order to find prescriptive cost
effective, energy efficient options.



Retrofit Project Leader
Dow

Research Team

Research Protocol

Case Study Project Execution

Protocol Plan

(. J
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Prototype Project Execution
Plan
\\ J
f )

Construction Project

Management Plan
(. J
( )
Two Prototype Projects (Stage
2) Plan
\\
4 )
Standardized Cost -

Performance Protocol Plan

Results Dissemination and

Overall Results Analysis

Project Management

Energy Performance

Case Study Project
Classification

Life Cycle Cost/Benefit

Retrofit Construction

Best Practices Appropriate
Strategies

Instrumentation and Data
Collection

Data Conversion per
Cost/Performance Protocol

(& J

Case Study Report

Scale Up
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Expert System

Training Module

Website

500- 1000 Habitat Home
Implementation

Leverage Out to other
organizations




Understanding the market place

Match technical solutions with market conditions
and preferences

ldentify high impact homes with high potential for
ramp up

Indentify motivators of homeowners to invest in
Improvements

|dentify consumer or other barriers to investment
IN energy retrofits
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Key Survey and
Market Research Activities

e Market Assessment-Data Base
Development-Housing Taxonomy

 Workforce Focus Groups

* Pre-retrofit and Post-retrofit Case Study
Interviews

« Homeowner’s Survey-"Voice of Customer”

Michigan State University Office of Survey
Research (OSR



>

Building & Construction

A business group of Dow Advanced Materials Division

Retall eam
Incentives for Energy Efficient Home Improvements
US Homeowner Study
to Support Development of HomeStar Legislation

June 2010



Study: Incentives for Energy Efficient Home Improvements
y o P <G Building & Construction

Study Objectives and Methodology

In June 2010, a survey of consumers was fielded via the Internet to gain insights to support:

Q Development of incentive plans to encourage US homeowners to make their homes more
energy efficient

a Understanding of...
# Which proposed incentive plans have the highest potential

#  Which home improvement projects consumers would be more likely to do if an incentive plan were
implemented

» How various homeowner segments would respond to differing incentive plans

» Past incentive plan participation and drivers of potential participation in a new plan offering.

The survey focused on homeowners between the ages of 22 and 64, with 41% of the
respondent base being male and 59% female. With 1,575 completed responses, the overall
survey has a margin of error of +/- 2.5 at the 95% confidence level. The concept evaluation,
conducted with rotation, has a margin of error of +/- 6 at the 95% confidence level.

Home Energy Efficiency Incentives 2010 DOW RESTRICTED - For internal use only 3



Study: Incentives for Energy Efficient Home Improvements @} Building & Construction

Insights: Home Improvement Projects Related to Energy Efficiency

Without an incentive, many homeowners have either never considered or are not planning to
do the types of projects targeted by the proposed incentive program. Approximately one-
quarter have already insulated their attic or exterior walls, replaced their HVAC system or

windows. o, . Never
Energy Efficiency Project Not | Pan | Pan | eea| Not
Almost one- Disﬂiﬁuu yrol CONS- | planning | PeX12 | et 24 212 mos |>12 mos anaﬂill:—
third have
SEaIEd gaps Add insulation to the attic 11% 20% 12% % =51 18% 13%
and craCRs- Insulate 3 basement 4% 1% T% a5 S 2 345
15% indicated
that Seallng Insulate 3 orewl space under the houss = g% B% 6%
ductwork did _ _ |
InsLlaTe exterior walls 1% 19%
not apply to

thEir hume and Replace @ heating and/er air conditioning system
9% indicated

B 13%

23 15%

. Replace windows
that sealing
gaps and 523l ductwark to £1op 3ir leaksge B 15%
cracks did not
- Seal the gaps and cecks that allow conditioned gir to escape .

apph’ tﬂ thEIr and ocutdoor 3ir to entar the home B
hume Eﬂl\:\.‘d"ﬂ 5'.'!'.5 I DS, iR

: gl_f Projliksly - Plesce indicats what |evel of considerstion or action you have taken regarding each of the fallowing home improvemsant

projects for pour current home

Home Energy Efficiency Incentives 2010 DOW RESTRICTED - For internal use only 11



Test Homes (2)
(TASK 8)

INQINt
gy

Test House A

ININ
gy

Test House B

Select test homes with diverse
age and building style

Technical studies

Leverage ‘what’ and ‘how’

Community Scale — Pilot Homes (10 in
base year in Cold Climate Zone)

(TASK 9)

Incorporate individual

measures:
. air sealing

. Insulation

e  replace components
e  solar components

Evaluate energy efficiency
Determine ‘best practices’ for
Community Homes - Pilot

o
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Select community scale- pilot
homes with diverse age and
building style



Training Team
Member

Scientific Approach

Management
Approach

Systems Pretesting




Start TASK 9

1
Select Case Study

Homes with HFH

Use procedures for home
characteristics studies
(TASK 6,7 +()

Select 10 community scale
- pilot homes from 2 climate
zones

Start initial building
information gathering

| on Existing Case

2
Gather + Report

.| Develop Baseline

3

Study Info

Obtain:
Property information + legal
description

Field measurement + condition

assessment
Utility metering information

Home classification characterization

MSU OSR to conduct homeowner

use and attitudinal pre-retrofit survey
L]

(program qualification)

Case Study
Documentation

Develop baseline case
study documents, including
plans, reports, energy use
computer simulation of
existing home

Conduct an environmental
assessment with consulting
testing firm for lead,
asbestos, mold + other
contaminants

Conduct risk assessment of

A 4

Analyze Existing
Building Data

4

Analyze existing information
for retrofit opportunities
Conduct energy simulation
of alternative

Propose retrofit solutions

5

Review Solutions

Submit to Case Study Task
Force for review + revisions
Revise per review

Prepare final existing
building report

Obtain acceptance of report
+ retrofit solutions from
Case Study Task Force +
Research Design Team

study home
. 8
- ) 7 Implement
> Cor)-\sf?illitcg;tethF Set up/Train Construction
(HFH)

Prepare design solution
documents

Prepare instrumentation +
data collection plans

Prepare overall construction

management and quality
oversight plan

e  Conduct field training with

HFH as needed

. Implement instrumentation +

data collection plan
. Install data collection
equipment
e Implement overall

construction project mgmt +

quality oversight plan

Provide quality control +
data collection during
construction (Research
Team)

Conduct periodic field
observation

Provide written + photo
records

Collect cost data

;

9
Assist with

Commissioning +
Start-up

Conduct post retrofit user
survey

Complete homeowners’
education and manual
Provide commissioning +
startup assistance for
homeowner

10
Conduct Post-

Construction
Activities

Research Team will:

Collect energy data
Monitor data recording
systems

Troubleshoot equipment
issues

Prepare Data
Report

11

12

Analyze Data

13

Include data on

A 4

Develop Case
Study Report

I
Include:

instrumentation, metering
data, climate data, cost
information, labor, etc

Include cost analysis,
life cycle cost
effectiveness,
savings, energy
analysis and analysis
versus computer
energy simulation

Data and analysis reporting
Results

Recommendations from
case studies

Develop case study
conclusions

End TASK 9



Start TASK 9

2
1
Salect Case Study |——» E'EE’E." y HEF’”“
Homes with HEH on Existing Case
Study Infia
Ltse procedures for homa )
characteristics studies Obigin:
(TASK B.7 ) Property information + legal
Select 10 community scale descriplion
- pilot homes from 2 climate Field measurement + condition
2anes assassmant
Start initial building Litlity mietaring information
information gathering

Hame classification characterization
MSU OSR to conduct homeowner
use and attitudinal pre-retrofit survey
{program gualification)

3
Devalop Bassaline

¥

Case Study
Cocumentation

Develop baseline case
sludy documents, including

plans, reports, enengy use
compuler simulation of

existing home

Conduct an envircnmental
assassment with consulting

testing firm for lead,

ashastos, mald + olhear

contaminants

Conduct risk assassmant af

study hame

4
Analyze Existing
Building Data

I

Analye existing information
for retrofit oppartunities
Canduct enargy simulation

of alternative

Propose refrofit solutions




T e
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6
5 .
——| Consult with HF
Review Solulions Afiicates

Submit to Case Study Task ET'-"F'HJ'E ﬂraslgn solulion
Foroa for reviaw + revisions gcumenig _
REviSe per review Prepara msltrumantatmn +
Prepare final existing data collection plans
building repod Prepare overall construction
(Obtain acceptance of report maragemeant and guality
+ ratrofit solutions from oversight plan
Case Study Task Force +
Resaarch Design Taam

T

Set upTrain

Conduct field training with
HFH a5 needad

Implemant instrumentzbon +

data collaction plan

Install data collactan
aquipmant

Implement overall
conslruclion projact mgmid +
quality oversight plan

g
Implemend
Construction
{HFH)

Provide quality conirol +
data collection duning
conslrucion {Research
Team)

Conduct panodic fiald
obsarvation

Provide written + photo
records

Collect cost data
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| nat |S50EE

13
12
| Davalop Case
Analyze Data Study Rapart
|
include costanlyss Includa:
- Data and analysis reporting
Ife cycle cost
g Resulis
. Recommendalions from
savings, energy case dudies
analysis and analysis Develop case study
versus compuler eonclusions
energy simulation

End TASK 8



Synthesis Activities

Synthesis of case studies

Aggregate case study project reports
Develop overall conclusions

ldentify prescriptive packages
ldentify best practices




Synthesis Activities

* Develop contractor/installer industry
documents, detalls, specifications

e Develop workforce skills training
* Develop expert system development team



Closing the gaps

Indentify best practices and most effective
technical strategies matched to high
Impact archetypes

Foster community scale implemented
based on consumer motivations

Develop consistent SOP and processes
for large scale implementation

Develop work force skill standard
certification for training



Q and A
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